in micro-organisms in the high-temperature compost and thus attempted to isolate micro-organisms from the compost soil. The compost pile from which samples were taken for bacterial isolation consisted of a mixture of wellfermented compost and waste in the ratio of about 1 : 2. The waste comprised raw sludge carried through sewage lines from houses in the city of Kagoshima, containing food waste from kitchens, excrement and toilet paper, and activated sludge.
A sample of soil was collected at about 1 m below the top surface of the compost pile, where the temperature was higher than 90 u C. About 10 mg sample was suspended in 5 ml CYS broth and incubated at 80 u C in a bacteriological incubator without shaking. The temperature inside the incubator was monitored by using a thermometer in one of the test tubes. CYS medium contained (l O) . After growth of micro-organisms was observed, inoculation into hot (75 uC) fresh CYS broth was repeated several times. For colony isolation, 200 ml wellgrown culture was streaked directly onto CYS plates hardened with 1.0 % (w/v) gellan gum. Well-isolated colonies were picked using sterilized tooth picks and transferred into 5 ml hot fresh CYS broth. The colony isolation procedure was repeated. In the present study, the microbial properties of two isolates, strains YMO81
T and YMO722 T , were investigated in detail. Colonies were round and polished cream-yellow. The rate of colony formation by the isolates on CYS gellan gum plates was extremely low, the reason for which is not known. The colony diameter on gellan gum plates was about 1.5 mm after overnight incubation at 80 u C.
Differential interference microscopy (BX60; Olympus) and scanning electron microscopy at 75 kV (H-800; Hitachi) revealed that cells of both isolates in CYS broth were long, Gram-negative rods (0.364.0 mm) (Fig. 1) . Cells occurred singly, in pairs and in short chains. Slightly curved cells were often observed. Spore formation was never observed under any of the growth conditions tested. To obtain ultrathin sections, harvested cells were fixed with glutaraldehyde and then with osmium tetroxide, stained with uranyl acetate (Ryter & Kellenberger, 1958) , dehydrated in an ethanol series and embedded in epoxy resin.
The strains were strictly aerobic and no growth was observed under anaerobic conditions in the presence of nitrate or sulfate. Growth was observed at pH 6.5-8.5 (optimum about pH 7.5). Strain YMO81
T was capable of growth at 56-83 u C (optimum 78 u C) and was halotolerant (optimum 2.0 % NaCl). The optimum growth conditions for strains YMO81
T and YMO722 T were 78 u C, pH 7.5 and 2.0 % NaCl and 72 u C, pH 7.0 and 1.6 % NaCl, respectively. The doubling time of strain YMO81 T under optimal conditions with shaking was about 25 min. The isolates were classified as extreme thermophiles because they could grow at temperatures higher than 80 u C and their optimum growth temperatures were 72 uC or higher.
We found that the presence of vitamins and amino acids was essential for growth of the isolates in a synthetic medium. Biotin, folic acid and thiamine were essential for growth of both strains at 70 and 80 u C. The amino acid requirement depended upon the growth temperature; at 70 u C, both isolates required glutamine and methionine, whereas, at 80 u C, strain YMO81
T required glutamine, methionine and eight additional amino acids, detailed below. The basal medium contained (l 21 ) 1.0 g soluble starch, 3.0 g glutamine, 0.8 g methionine, 0.14 g K 2 HPO 4 , 0.028 g KH 2 PO 4 , 1.0 g NH 4 Cl, 2.0 g NaCl, 0.125 g MgCl 2 , 0.025 g CaCl 2 , 10 mg FeSO 4 . 7H 2 O, 100 ml trace metal solution and 400 mg each biotin, folic acid and thiamine, adjusted to pH 7.5 at room temperature. The minimal medium used for the growth of strain YMO81
T at 80 u C also contained (l 21 basal medium): 0.11 g histidine, 0.23 g isoleucine, 0.28 g leucine, 0.31 g lysine, 0.15 g serine, 0.07 g tryptophan, 0.13 g phenylalanine, 0.11 g valine. Growth of strain YMO81 T was inhibited by ¢7 mM potassium phosphate.
Both isolates utilized proteins such as casein and albumin as carbon and nitrogen sources. Starch was hydrolysed, but the isolates could not grow when soluble starch in CYS medium was replaced by corn starch or chitin. Lactose was not hydrolysed and not used as a carbon source. The phenotypic characteristics of the isolates are shown in Table 1 .
Chromosomal DNA was extracted and purified by the modified method of Marmur (1961) . The G+C content of DNA was determined by measuring deoxyribonucleosides after digestion with nuclease P1 (Yamasa) (Tamaoka & Komagata, 1984) . DNA was denatured by heating in a boiling water bath for 5 min followed by quick cooling in an ice bath prior to enzymic digestion. The resulting deoxynucleosides were analysed by chromatography using a CAPCELL PAC column (Shiseido) developed with 0.2 M ammonium phosphate/acetonitrile (40 : 1, v/v). Escherichia coli DNA was used as the standard. The DNA G+C contents of strains YMO81
T and YMO722 T were 70 and 64 mol%, respectively. The G+C content of strain YMO81
T was confirmed by measuring the melting temperature by differential scanning calorimetry (MC2; MicroCal; Marmur & Doty, 1962) . The base compositions of strains YMO81
T and YMO722 T were determined to be A515.0, C533.8, G535.9 and T515.3 mol% and A519.5, C535.6, G531.1 and T513.7 mol%, respectively.
The 16S rRNA genes of the isolates were amplified by PCR using the primers EU10F (positions 8-27, E. coli numbering system; Brosius et al., 1978) and EU1500R (1491-1509; Brosius et al., 1978) , which amplify a conserved region of the eubacterial 16S rRNA gene (Takami et al., 1999) . The PCR products (1.5 kb) were cloned into plasmid pCR-TOPO with a TOPO TA cloning kit (Invitrogen) for sequencing. The base sequences were determined by the dideoxynucleotide chain-termination method using a model 373 DNA Sequencer (Applied Biosystems). To determine the degree of 16S rRNA gene sequence similarity between the isolates and other micro-organisms, public databases were searched using BLAST. The BLAST analysis revealed that the closest organism to strains YMO81 T and YMO722
T is Planifilum yunnanense LA5 T , with 90 % 16S rRNA gene sequence similarity, which suggested that the isolated thermophiles belonged to a novel genus.
The 16S rRNA gene sequences of the isolates were aligned with representative sequences of related taxa using CLUSTAL X (Thompson et al., 1997) . All gaps in the alignment were omitted and evolutionary distance matrices were calculated with the algorithm of the DNADIST program (Jukes & Cantor, 1969) , which is included in the PHYLIP package (Felsenstein, 1993) . A phylogenetic tree was constructed based on a broad selection of ten reference sequences using the neighbour-joining method (Saitou & Nei, 1987) implemented with the NEIGHBOR program in PHYLIP. The stability of the relationships was assessed by bootstrap analysis of 1000 datasets using the programs SEQBOOT, DNADIST, NEIGHBOR and CONSENSE in PHYLIP. A neighbourjoining tree is shown in Fig. 2 and a maximum-likelihood tree is shown in Supplementary Fig. S1 (available in IJSEM Online). The phylogenetic analysis supported the speculation that the isolates were members of a novel genus of the family Bacillaceae, order Bacillales, class Bacilli, phylum Firmicutes.
DNA-DNA hybridization was carried out using the method of Ezaki et al. (1989) at 55 u C for 2 h with fluorometric measurement. DNA-DNA relatedness between Geobacillus stearothermophilus JCM 2501 T and each isolate was about 1 % and that between strains YMO81 T and YMO722 T was 55 %, which indicated that each isolate belonged to a distinct novel species.
For cellular fatty acid analysis, 300 mg harvested cells (grown at 75 u C) were placed in a Teflon-lined, screwcapped tube containing 1 ml 0.6 M NaOH and heated at 100 u C for 30 min. After cooling, anhydrous methanolic HCl was added and the reaction mixture was heated at 80 u C for 10 min. After cooling, fatty acid methyl esters were extracted with hexane/methyl t-butyl ether (325 : 275, v/v; Sasser, 1990) . The extract was dried under a constant flow of argon gas. The methyl esters were dissolved in an appropriate amount of hexane and then analysed with a Shimadzu GC-14C gas chromatograph equipped with a DB-5 capillary column (30 m60.25 mm; J&W Scientific) coated with (5 %-phenyl)-methylpolysiloxane (250 nm thickness). Helium was used as the carrier gas at a flow rate of 1 ml min
21
. The column temperature profile was initially 130 u C and was increased to 250 u C at the rate of 5 u C min 21 . Identification was done by comparing the retention times with those of authentic fatty acids, using a Bacterial Acid Methyl Ester mix (Supelco) as the standard. Table 2 shows the fatty acid compositions of strains YMO81
T and YMO722 T and the changes in the composition with growth temperature. The major fatty acids were iso-C 17 : 0 and anteiso-C 17 : 0 . The amounts of iso-C 17 : 0 and anteiso-C 17 : 0 in strain YMO81 T and also the ratio of isoplus anteiso-C 17 : 0 to iso-plus anteiso-C 15 : 0 increased with growth temperature. Similar elongation of fatty acid chains with high growth temperatures has been reported for Thermus thermophilus (Oshima & Miyagawa, 1974) .
The fatty acid compositions of the isolates were similar to that of T. thermophilus (Oshima & Miyagawa, 1974; Oshima, 1978) , an extremely thermophilic bacterium isolated from a hot spring. C 18 : 2 v9,12c, an unsaturated fatty acid, was found repeatedly in strains YMO81
T and YMO722
T . Usually, unsaturated fatty acids are not found in thermophiles. The major fatty acid of G. stearothermophilus, iso-C 15 : 0 (Nazina et al., 2001) , is shorter than the major fatty acid of our isolates, iso-C 17:0 . The phenotypic properties of the new genus and two related genera, Geobacillus and Planifilum, are compared in Table 3 . Polar lipids were extracted by the method of Bligh & Dyer (1959) . The extracted lipids were analysed with twodimensional high-performance TLC using 1006100 mm silica gel 60F 254 (Merck) with chloroform/methanol/water (65 : 25 : 4) in the first dimension and chloroform/methanol/acetic acid/water (100 : 20 : 12 : 2.5) in the second dimension. All lipids were stained with 10 % cupric sulfate in 8 % phosphoric acid (Touchstone et al., 1981 (Touchstone et al., , 1983 Entezami et al., 1987) . Phosphatidylethanolamine, a phosphoglycolipid and an aminophospholipid that was stainable with ninhydrin and molybdenum blue were detected from extracts of strains YMO81
T .
Polar lipid compositions of strains YMO81
T were almost identical to each other and differed from those of G. stearothermophilus JCM 2501 T and Planifilum fimeticola JCM 12507 T ( Supplementary Fig. S2 ). The aminophospholipid was not detected in G. stearothermophilus JCM 2501
T and the unidentified lipids L4, L5, L6 and L7 which were found in P. fimeticola JCM 12507
T were not detected in strain YMO81
T , strain YMO722 T or G. stearothermophilus JCM 2501
For analysis of polyamines, strain YMO81 T was grown at 78 u C and YMO722
T was grown at 72 u C in CYS medium. Cells were harvested at late-exponential phase and polyamines were extracted with 5 % trichloroacetic acid and analysed using HPLC. Identification of known polyamines was done by comparing elution profiles of authentic samples (Oshima, 1983) . Strains YMO81
T and YMO722 T produced spermidine, spermine and an unknown polyamine as the major components (Table 1 ) and 1,3-diaminopropane, putrescine and agmatine as minor polyamine components. The unknown polyamine was isolated using a Dowex 50W-X4 column and analysed with nuclear magnetic resonance (NMR). The 1 H-and 13 C-NMR spectra suggested that the polyamine was N 4 -aminopropylspermine [(NH 2 (CH 2 ) 3 ) 2 N(CH 2 ) 4 NH(CH 2 ) 3 NH 2 ], which was confirmed by comparing the NMR spectra of the purified compound from strain YMO81 T with those of the authentic -aminopropylspermine was synthesized by reacting N-(4-aminobutyl)carbamic acid t-butyl ester with N-(3-bromopropyl)phthalimide and removing the phthalimide groups with hydrazine. The details of the chemical synthesis will be published elsewhere. As shown in Table 1 , N 4 -aminopropylspermine was the sole major polyamine when strain YMO81
T was grown at the optimal temperature. Branched polyamines have often been found in the cells of extreme thermophiles (Oshima, 1989; Hamana et al., 1999) , and N 4 -aminopropylspermine has been found in thermophiles belonging to the genera Bacillus and Caldicellulosiruptor (Hamana et al., 1993 (Hamana et al., , 2001 , but this tertiary polyamine has never been found as the major polyamine in cells of any thermophilic bacteria or archaea. The unique polyamine profiles of strains YMO81
T indicated that they belonged to a novel genus.
On the basis of these observations, we propose a novel genus, Calditerricola gen. nov., to accommodate strains YMO81 T and YMO722 T . DNA-DNA relatedness indicated that the isolates belong to different species, for which we propose the names Calditerricola satsumensis sp. nov. for strain YMO81
T and Calditerricola yamamurae sp. nov. for strain YMO722
Description of Calditerricola gen. nov.
Calditerricola (Cal.di.ter.ri9co.la. L. adj. caldus hot; L. n. terra soil; L. suff. -cola from Latin noun incola dweller, inhabitant; N.L. masc. n. Calditerricola a dweller of a hot soil).
Cells are aerobic, non-spore-forming, Gram-negative, long rods. Extremely thermophilic. The optimum NaCl concentration differs from strain to strain (range 0.2-2 %). Major polar lipids are phosphatidylethanolamine and aminophospholipid. iso-C 17 : 0 is the most abundant cellular fatty acid. A branched polyamine, N 4 -aminopropylspermine, is present as a major polyamine. 16S rRNA gene sequence analysis places the genus at the root of the Geobacillus lineage of the domain Bacteria. The type species is Calditerricola satsumensis.
Description of Calditerricola satsumensis sp. nov.
Calditerricola satsumensis (sat.su.men9sis. N.L. masc. n. satsumensis pertaining to Satsuma, the old name of Kagoshima prefecture, from where the type strain was isolated).
Displays the following characteristics in addition to those described for the genus. Grows at 56-83 u C (optimum 78 u C), but not at 54 or 84 u C, at pH 6.6-8.9 (optimum pH 7.5), but not at pH 6.4 or 9.1, and with 0.3-4.0 % NaCl (optimum 2.0 % NaCl). Hydrolyses starch and proteins such as albumin and casein. In a synthetic medium, biotin, folic acid, thiamine, glutamine and methionine are required for growth at 70 u C; at 80 u C, histidine, isoleucine, leucine, lysine, methionine, serine, tryptophan, phenylalanine and valine are also required. Starch is used as a carbon source. Major polar lipids are phosphatidylethanolamine and aminophospholipid. The major cellular fatty acids are iso-C 17 : 0 and anteiso-C 17 : 0 . The ratio of iso-plus anteiso-C 17 : 0 to iso-plus anteiso-C 15 : 0 increases with growth temperature. Putrescine, spermidine and spermine are present as minor polyamine components. The DNA G+C content of the type strain is 70 mol%.
The type strain is YMO81 T (5ATCC BAA-1462 T 5JCM 14719 T 5DSM 45223 T ), isolated from a high-temperature compost.
Description of Calditerricola yamamurae sp. nov.
Calditerricola yamamurae (ya.ma.mu9ra.e. N.L. gen. n. yamamurae after Mr Shoichi Yamamura, who provided the soil sample from which the type strain was isolated).
Displays the following characteristics in addition to those described for the genus. Grows at 56-81 u C (optimum 72 u C), but not at 54 u C or 83 u C, at pH 6.3-9.1 (optimum pH 7.0), but not at pH 6.1 or 9.3, and with 0.0-2.0 % NaCl (optimum 1.6 % NaCl). Hydrolyses starch and proteins such as albumin and casein. Starch is used as a carbon source. The major polar lipids are phosphatidylethanolamine, phosphoglycolipid and aminophospholipid. The Calditerricola gen. nov., with two novel species
